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Maintaining Balance in Elderly Fallers: Novel aspects of postural
balance measures in elderly
Abstract
At first in this thesis, an intervention programme was tested for the effect on the risk of falling in a
population of elderly. The aim of the study was to investigate if exercise, combined with protein intake
and calcium/vitamin D supplementation would have a larger effect on the risk of falling and postural
balance outcomes than calcium/vitamin D supplementation only. An observational performance test
(risk of falling) and performance measurements (force platform) were used as outcome measures. The
results of this study were a reduced risk of falling and less falls within the intervention group but no
change of variables of the force platform. Based on this contrary result, the following questions were
raised: a)Was the test postural balance measurement protocol not challenging enough to detect any
balance deficits? b)Are force platform test sensitive enough to detect any change - in a normal and in a
challenging situation? c)Are these force platform test protocols able to predict any fall - in a normal and
in a challenging situation? d)What is the relation of postural stability and challenging measurement
environment? The postural balance measurement environment in Chapter 2 could have been too simple
for most elderly to detect any differences between fallers and non-fallers. Would an additional task
change the measurement environment in such a way to detect any differences? Which dual task would
be the most appropriate? The additional task should have the most disturbing influence on fall-related
force platform variables. Therefore, it should be possible to carry out the additional test (dual task) in a
non-vision situation. Attention-demanding secondary tasks have shown deleterious effects on postural
control in older adults1. One of these additional tasks is the counting backwards task. This task would
meet with the requirements of disturbing balance and being executed in a non-vision situation 2-4. Until
now, the influence of this task on postural stability has only been tested on healthy young volunteers5.
They concluded that disturbances of counting backwards in postural control were caused by the vocal
articulation of counting and not by the competing demands for attention5. In Chapter 3, an analysis of
the results of Yardley and colleagues (1999) has been undertaken. Are the disturbances in postural
control under dual-task conditions in elderly caused mainly by the additional motor effect of articulation
(speaking aloud), or by the effect of an additional cognitive component of a task, or by a combination of
the two? Furthermore, it was investigated whether differences exist between fallers and non-fallers in
terms of disturbance of postural control under the different additional tasks. The findings suggest that
the combined articulation and attention-demanding secondary task stressed the attentional system of
elderly to such an extent that it compromised the performance of the primary task (quite standing). The
counting backwards aloud task may be used as a dual task for clinical balance assessment in populations
at risk of falling. This task was best able to disturb postural control. The second question dealt with in
Chapter 2 described question whether force platform tests are sensitive enough to detect any change.
Although the reliability of fore plate's measurement was determined in different studies, the dual tasking
aspect was not taken into account. In addition, most of the reliability studies tested healthy people6-8.
Until now, no reliability studies that included fallers have been reported. However, since one-third of
community-dwelling people over 65 years of age experience one or more falls each year, it is important
to include elderly fallers in reliability studies9-13. In Chapter 4 a study is described with how the
interrater and test-retest reliability of force platform variables were tested. The variables tested were
those which seemed to be the most appropriate to detect possible fallers and non-fallers. These variables
were tested under single and dual-task conditions, with and without vision. This study showed good
reliability results for group assessment and no systematic errors of the measurement protocol in
measuring postural balance in the elderly in a single-task and dual-task condition. The selection of
posturography-derived parameters that discriminate between elderly fallers and nonfallers is shown to
be inconclusive14. Next to the discrimination between elderly faller, an important goal of postural
balance measures is the prediction of future falls with help of a forceplate. Piirtola and Era (2006)
argued that the reason for not being able to predict future falls is related to the lack of studies in which a
prospective design is used and that records falls as the primary outcome15. Therefore, more prospective
fall assessment studies are needed that use posturography. A systematic evaluation of a balance with
“complex conditions “protocol is needed to determine which posturography-derived balance variable is
most associated with future falls. In their review, Zijlstra and colleagues (2008) showed that 2 studies
provide some evidence that measurements with a dual task protocol could add some value for the
prediction of falls. They recommended future studies with large sample size should investigate whether
an overall performance score that combines the scores of the cognitive and balance task is more
sensitive for predicting falls or detecting changes in balance performance than the individual balance or
cognitive task score during dual-task performance16. In Chapter 5, a prospective study with 270
participants is described. The aim of this study was to determine whether postural balance variables
measured with a forceplate with or without challenging conditions were able to prospectively predict
fallers and non-fallers in a community-dwelling elderly population over a 12-month period. The
challenging conditions applied were reduced vision and/or dual cognitive tasks. The findings show that
the force platform variable RMS-ML (root-mean-square amplitude in medial-lateral directions) predicts
future fall risk in women with a history of multiple falls who take fall-risk medications or use multiple
medicines. Multiple fallers were also shown to position themselves with a narrower stance during
balance testing. The aim in Chapter 6 was to firstly determine postural balance changes caused by
no-vision, compromised somatosensory information and a combination of no-vision and reduced
somatosensory information in both single and dual tasking. Secondly, the aim was to determine the dual
task costs (DTC) and the DTC change caused by the different test conditions. The combined reduction
of sensory input (vision and compromised somatosensory) resulted in a decrease of dual-task costs for
posture with at the same time no change in dual-task costs for cognition. This result refutes the often
used theoretical framework of resource-sharing1 and the adaptive resource-sharing theory17. The
findings, therefore, seem to provide support for the theory of an increased processing area18. The theory
believes that the brain regions active for dual-task conditions highly overlap with regions found to be
active for each of the single tasks and that the brain areas simply increase in magnitude with greater
processing demands18 . The combined reduction of sensory input could have led the participants to
greater processing area and therefore let them to generate more cognitive capacity. This increased
cognitive capacity could hence be used to compensate for the sensory input reduction and for the
cognitive task as well, which would explain the reduced dual-task costs for posture and absolute
difference of sway in dual- and single-tasking situations. In conclusion, this thesis showed new aspects
of force platform measurements of elderly fallers and non-fallers. Future research could be conducted
with force platform measurements to determine the effectiveness of intervention programmes, focused
on fall prevention.
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Chapter 1 
 
Postural balance measures in elderly fallers 
 
 1
 2 
In 2005, approximately 15% of the population in the more developed countries were 65 years of age 
or older. According to the United Nations Medium Variant population projection, this number will 
increase to over 26% by 20501. Therefore, identification of potential fallers and, thus, possible 
prevention of falls is a very relevant aim2. Over one-third of the community-dwelling elderly older 
than 65 years of age suffer from a fall each year2,3. Falls cause up to 11% of serious injuries and up 
to 9% of fractures4-6. Therefore, identification of potential fallers and, thus, possible prevention of 
falls is a very relevant aim7. However, even minor injuries may trigger the vicious circle of fear and 
limited mobility, which in turn have adverse effects on overall health and increase the risk for 
additional falls and disability8. Minimizing the risk of falling would lead to a reduction in the risk of 
a fracture and therefore reduce suffering and costs.  
 
Many different intervention programs have been developed to reduce the burden of falls and 
fractures. However, reliable tools are still needed for controlling the effectiveness of fall 
intervention programs and for the early identification of fallers. Currently, different methods are 
used to fulfill these objectives such as observational performance tests to assess the risk of falling 
and performance measurements using all types of equipment9. For observational performance tests, 
several assessment tools are available that combine measures of balance with measures of gait and 
mobility to determine a person’s risk of falling, e.g., the Berg Balance Scale and the Tinetti Gait 
and Balance Assessment10,11. Furthermore, many devices exist for assessing performance, 
measuring for example, static balance, dynamic balance, walking velocity and mobility, muscle 
strength, and so on9.  
A device that is frequently used for the assessment of fall risk is the force platform. With a force 
platform, researchers and clinicians can quantify balance abilities12. These force platforms produce 
a wide range of force platform variables by which the postural stability can be described in 
objective terms. However, until now no force platform derived variables have been identified that 
are able to discriminate between elderly fallers and nonfallers 13 
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Besides the ability to discriminate between elderly fallers and nonfallers, another aim of postural 
balance assessment is the prediction of falls in the future. Early identification of persons at risk 
could help to prevent possible injuries. If this would be possible intervention programs that aim to 
improve postural control could be tested for their effectiveness. Unfortunately, there are almost no 
studies that have a used a prospective design with falls as their primary outcome14  The status of 
force platform assisted techniques for the prediction of future falls is, therefore, at present only 
limited.  
Hence, it can be argued that there is a need for studies that identify variables from force platform 
assessment techniques that can be used for prediction of future fall risk and can be used as an 
outcome measure in intervention-type studies. 
 
When assessment protocols with force platform techniques are designed, it is important that the 
behavioral context is considered, that is to say, performing a balance task always takes place in 
some environmental and task-related context. It never takes place in vacuo. This means that the 
measurement environment plays an important role. Many studies used the force platform technique 
for the performance of a static stance task (standing still) with or without vision. However, it can be 
argued that such an assessment does not really mimic “real-world” conditions and, therefore, may 
not be challenging enough for many elderly persons15. These single-task test conditions give 
participants the opportunity to compensate for possible deficits by shifting toward other control 
strategies15. By employing an additional task, next to the primary task (e.g. standing), a more “real 
live mimicking” environment will be created. The assumption, hence, is that by following a dual 
task test procedure the tested subjects will exhibit more difficulty with the shifting toward other 
control strategies and, thus, possible deficits will be more easily discovered.  
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There is some evidence that measurements using a dual-task protocol could have additional value 
compared to single-task testing for the prediction of falls16. At present, however, it is unclear what 
kind of additive task should be integrated in clinical protocols.  
 
New insights into the results of quantitative posturography measures in elderly fallers and 
nonfallers are described in this thesis. This thesis explores variables from force platform assessment 
techniques that can be used for prediction of future fall risk and that can be used as outcome 
measures in intervention-type studies.  
 
Outline of the thesis 
The first objective of this thesis is to examine an intervention program that is assumed to influence 
postural control and post-intervention fall risk. Chapter 2 presents the results of a randomized 
clinical trial in elderly persons with decreased bone mineral density. The aim of this study was to 
investigate whether exercise combined with protein intake and calcium/vitamin D supplementation 
would have a larger (positive) effect on risk of falling and force platform derived postural balance 
outcomes compared with calcium/vitamin D supplementation only. Additional outcome measures 
that were used in this study are an observational balance performance test (Berg Balance Test). 
The second objective of this thesis, delineated in Chapter 3, is to evaluate force platform measures 
of postural control. This chapter investigates whether a dual-task protocol is able to cause more 
disturbances of postural control in comparison to a single task only. Various types of secondary 
tasks are investigated to determine the most appropriate task for the elderly in a clinical setting. The 
task selection is based on theoretical considerations as well as on the practical feasibility. 
Furthermore, this chapter explores whether differences exist between fallers and nonfallers in terms 
of disturbance of postural control under the different additional tasks. 
Chapter 4 describes the interrater and test–retest reliability of force platform variables from the 
dual-tasking test protocol that was described in Chapter 3.  
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In Chapter 5, a prospective study with 270 participants is described. The aim of this study was to 
determine whether force platform variables measured under dual-task testing conditions with a 
force platform were able to prospectively predict fallers and nonfallers in a community-dwelling 
elderly population over a 12-month period.  
Finally, in Chapter 6, a study is described that investigates postural balance change caused by no-
vision and/or compromised somatosensory information in single and dual tasking. This study also 
wanted to determine the (change in) dual-task costs caused by the reduction of combined sensory 
input.  
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Abstract 
 
Objective: To compare the effect of calcium/vitamin D supplements with a combination of 
calcium/vitamin D supplements and exercise/protein on risk of falling and postural balance. 
Design: Randomized clinical trial. Setting: University hospital physiotherapy department. Subjects: 
Twenty-four independently living elderly females aged 65 years and older with osteopenia or 
osteoporosis, and mean total Hip T-score (SD) of -1.8 (0.8).  Interventions: A three-month 
programme consisting of exercise/protein including training of muscular strength, co-ordination, 
balance and endurance. Calcium/ vitamin D was supplemented in all participants for a 12-month 
period. Outcome measures: Assessment took place prior to and following the months 3, 6, 9 and at 
the end of the study; primary dependent variables assessed were risk of falling (Berg Balance Test) 
and postural balance (forceplate). Secondary measures included body composition, strength, 
activity level, number of falls, bone mineral content, biochemical indices, nutritional status and 
general health. Results: Significant reductions of risk of falling (repeated measures ANOVA 
F=8.90, p=0.008), an increase in muscular strength (ANOVA F=3.0, p=0.03), and an increase in 
activity level (ANOVA F=3.38, p=0.02) were found in the experimental group as compared to the 
control group. Further on, there was 89% reduction of falls reported in the experimental group 
(experimental pre/post 8/1 falls; control group pre/post 5/6 falls). Conclusion: This study provides 
support for our intervention programme aimed at reducing the risk of falling in elderly participants 
diagnosed with osteopenia or osteoporosis. The data obtained from the pilot study allow the 
calculation of the actual sample size needed for a larger randomised trial. 
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Abstract 
 
Background: Additional tasks that are assumed to disturb standing postural control can be divided 
in added motor or added cognitive tasks. It is unknown, which type of task causes the most 
disturbances on postural control in elderly. Objective: The aim of this study was to determine 
whether the dual tasking disturbance of postural control in elderly is caused by vocal articulation or 
by limited attentional resources. Methods: 39 elderly (81 ± 7 years) were tested on a force platform 
in a two-legged standing position. Seven balance variables were assessed: maximum displacement 
and standard deviation amplitude in the medial-lateral (Max-ML, RMS-ML) and anterior-posterior 
(Max-AP, RMS-AP) direction, average speed of displacement (V) and the area of the 95th percentile 
ellipse (AoE) and sway path (PL) per given time. The following task combinations were tested: no 
secondary task, repeating a number aloud (articulation), counting backwards aloud (articulation 
and attention), and counting backwards silently (attention). All tasks were tested with and without 
vision. Results: A factorial ANOVA revealed main effects of additional tasks in PL, Max-ML, 
RMS-ML, Max-AP, AoE and V. Bonferroni post-hoc analysis in a with vision situation showed 
significant difference between no task and counting backwards aloud task in balance variables 
Max-ML (p=0.006), RMS-ML (p=0.002), Max-AP (p=0.020) and V (p=0.003) respectively. All no-
vision situations showed no significant difference between the different tasks. Conclusion: The 
findings suggest that the combined articulation and attention demanding secondary task stressed the 
attentional system of elderly to such extend that it compromised the performance of the primary 
task (quite standing). The counting backwards aloud task may be used as dual task for clinical 
balance assessment in at risk populations. This task was best able to disturb postural control. 
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Abstract 
 
Background: The purpose of this study was to determine the reliability of a forceplate postural 
balance protocol in a group of elderly fallers and non-fallers. The measurements were tested in 
single and dual-task conditions, with and without vision. Methods: 37 elderly (mean age 73 ± 6 
years) community-dwellers were included in this study. All were tested in a single (two-legged 
stance) and in a dual-task (two-legged stance while counting backwards aloud in steps of 7`s) 
condition, with and without vision. A forceplate was used for registering postural variables: the 
maximal and the root-mean-square amplitude in medio-lateral (Max-ML, RMS-ML) and antero-
posterior (Max-AP, RMS-AP) direction, mean velocity (V), and the area of the 95% confidence 
ellipse (AoE). Reliability of the test protocol was expressed with intraclass correlation coefficients 
(ICC), with 95% limits of agreement (LoA), and with the smallest detectable difference (SDD).  
Results: The ICCs for inter-rater reliability and test-retest reliability of the balance variables were 
r= 0.70-0.89. For the variables Max-AP and RMS-AP the ICCs were r=0.52-0.74. The SDD values 
were for variable Max-ML and Max-AP between 0.37cm and 0.83cm, for V between 0.48cm/s and 
1.2 cm/s and for AoE between 1.48cm2 and 3.75cm2. The LoA analysis by Bland-Altman plots 
showed no systematic differences between test-retest measurements. Conclusion: The study 
showed good reliability results for group assessment and no systematic errors of the measurement 
protocol in measuring postural balance in the elderly in a single-task and dual-task condition. 
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Background  
Various balance tests1,2 and measurements3-7 have been developed and presented to obtain 
appropriate information of balance capabilities during standing. Although tests for postural control 
with functional balance scales are easy to perform and are suitable for daily clinical use they often 
lack accuracy. Technology based laboratory systems may give more detailed information about 
postural balance8, but are often difficult to use in a clinical setting.  
Quantitative posturography is a frequently used technique for measuring postural control9. This 
technique covers all force platforms used to quantify postural control in upright stance in either 
static or dynamic conditions. The employed force platform indirectly detects changes of postural 
sway by assessing the ground-reaction forces. These ground-reaction forces are used to calculate the 
centre of pressure (COP), which reflects the trajectory of the centre of mass and the torque acting on 
the surface10. Various balance variables can be derived from the COP movement, e.g. the root  
mean square (RMS) of COP amplitudes in anterior-posterior and medio-lateral direction or the 
maximum COP displacement in anterior-posterior and medio-lateral direction11-15. It is assumed that 
these measures relate to impaired postural control in humans. However, in spite of  
the frequent use of these measures only a small number of studies have reported on the reliability of  
postural balance measures12-17.  
Commonly identified flaws in reliability studies are the exclusive use of healthy individuals, 
questionable applicability in clinical practice, low sample size, the absence of a protocol and the use 
of inadequate statistics 18. It is questionable whether the test results of healthy elderly for example 
can be generalized to specific sub-populations, e.g. fallers, in clinical practice. Only very few 
studies tested the reliability of postural assessment with a force platform in patient groups. 
Benvenuti and colleagues (1999) assessed patients with a variety of chronic pathologic conditions 
resulting in balance problems; however, they did not specifically focus on fallers or non-fallers 16. 
Stroke survivors and patients suffering from diabetic neuropathy were assessed by Corriveau and 
colleagues (2001) but these authors excluded subjects if they reported visual or somatosensory 
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impairments or reported at least 1 fall in the past year17. The same exclusion of fallers was 
performed by Lafond et al. (2004)15.  
There seems to be a need to perform reliability assessments of postural control in groups with 
identified fallers and non-fallers. No reliability studies have been reported that specifically included 
fallers. However, since one-third of community-dwelling people over 65 years of age experience 
one or more falls each year, it seems important to include elderly fallers in reliability studies18- 22. 
The applicability of test measures in clinical practice is another important point to consider. Most 
reliability studies used single-task procedures consisting of standing quietly while manipulating the 
visual input and/or changing the base of support (BOS). Mulder et al. (2002) argued that although a 
motor system may deteriorate across time, many assessment procedures show no changes in 
performance. The authors state that this phenomenon is related to the fact that the level of 
functional reorganization of a (changing) motor system is not necessarily reflected in the ‘pure’ 
end-result of a task, but might be reflected also in the increasing compensatory costs across time23. 
This would mean that assessment procedures that are used in clinical practice should also be 
sensitive to this phenomenon when we want to be able to detect possible underlying pathologies. In 
other words the compensatory costs, necessary to keep the motor output optimal, should be 
estimated in clinical protocols.  
The basic idea behind the dual-task methodology is that the performance of a difficult 
(nonautomated) task interferes with other simultaneously performed tasks24. Hence, by employing 
an attention demanding task, it is possible to use the degree of interference of this task with the 
primary task (e.g. standing) as a measure of the attention demands (cognitive compensation) of the 
primary task. There is indeed a growing use observable of dual-task procedures in studies focusing 
on recovery after damage to the motor system25 or in neurological assessment26. However, there are 
not many studies that include reports on the reliability of the used protocols. We found only one 
study that focused on the reliability of the postural measures and that used a simultaneous 
secondary task during performance of the primary (postural) task4. At the same time it has been 
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reported that falls seem to occur frequently during activities in which attention has to be divided 
between two tasks27. This observation further underscores the potential value and necessity of dual 
task testing. Furthermore, because of inconsistencies in the design and analysis of method 
evaluation studies, a high proportion of prognostic studies were presented with poor methodology 
which resulted in the presentation of conflicting interpretation of variability of the measures. This 
led the Work Package 3 of the Prevention of Falls Network Europe to formulate criteria for 
evaluation of measurement properties of clinical balance measures for fall prevention studies28. 
The purpose of the present study was, therefore, to determine the interrater and test-retest reliability 
of quantitative postural control measures in elderly fallers and non-fallers, tested under single and 
dual-task conditions, with and without vision, and considering both relative and absolute reliability. 
 
Methods  
Participants   
Thirty-seven community dwellers participated in the study (29 women), the average age was 73 ± 6 
years (range 61–85 years). The inclusion criteria were fallers and non-fallers older than 60 years of 
age of both genders. Exclusion criteria were participants who were unable to understand (language) 
the purpose of the study, severe psychological or psychiatric problems, chronic substance-abuse 
(medication, drugs and/or alcohol), and patients under chronic therapy with neuroleptics, sedatives, 
anti-epileptics and anti-depressives. A structured interview that considered recommendations on 
falls outcome measures 29 was used to assess the numbers of falls in the previous year. A fall was 
defined as any event that caused unintentional contact by the torso or upper limbs to the ground or 
to some lower level, other than as a consequence of a violent blow, loss of consciousness, or a 
sudden onset of paralysis as in stroke or epileptic seizure30. A faller was defined in this study as a 
subject that sustained more than one fall within the last 12 months. The measurements took place at 
the Institute of Physical Medicine (Department of Rheumatology), University Hospital Zurich. All 
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participants gave their informed written consent and were blinded to the purpose of the 
measurements. The study was approved by the local ethics committee.  
  
Experimental procedure  
The AMTI Accusway system for balance and postural sway measurement (Advanced Mechanical 
Technology, Inc., Watertown, Massachusetts) was used for collecting the data. The Accusway 
system consists of a portable force platform and SWAYWIN software for data acquisition and 
analysis. The system measures ground reacting force and moments in 3 orthogonal directions with a 
sampling frequency of 50Hz. These provide the COP coordinates, which enables the calculation of 
the maximum displacement in the anterior-posterior and medial-lateral direction (Max-AP ; Max-
ML), the root-mean-square amplitude in anterior-posterior and medial-lateral direction from the 
centroid in x- and y-axis (RMS-AP ; RMS-ML), the mean velocity (V) and the area of the 95th 
percentile ellipse (AoE).  
Before the measurements took place, the balance platform was strapped with an anti-slip plastic 
cover (1mm). The participant then took a comfortable barefooted, double-legged stance on the 
platform. Because changes in the Base of Support (BOS) have a substantial effect on postural 
control14; the outlines of both feet were marked on the plastic cover with a permanent marker in 
order to obtain standardised individual foot positions for the repeated measurements. After leaving 
the platform, the individual’s BOS was entered in the Accusway Plus system31. Maximal BOS 
width and hip width, measured at the major trochanter femoris, were recorded with an 
anthropometric calliper (Lafayette Instrument Company, Lafayette, IN).  
 
Measurement design  
The participants were tested individually within a single session that lasted about 25 minutes. First, 
instructions of the cognitive task were given, followed by a full performance of the cognitive tasks 
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while seated. Thereafter, the participants were instructed to stand on the pre-marked plastic cover 
with the arms by the sides and eyes open while looking straight ahead. 
The postural balance measurements were collected under two task conditions: standing quiet 
(without a secondary cognitive task) and standing quiet combined with counting backwards in steps 
of seven. Each task consisted of 4 trials and the average of the 4 trials was taken to obtain a reliable 
measure17. Each separate trial lasted 20 seconds, followed by a break of 20 seconds32. The total 20 
seconds of the trial was used for the calculations. Between each task, the participants were allowed 
to sit down for a 2-minute break. Both tasks were measured with and without vision. The order of 
tasks (single, dual, with and without vision) was changed randomly to control for the effects of 
fatigue and learning. The rationale for this procedure was primarily based on the fact that the 
duration of a trial in quiet standing is limited due to fatigue, particularly in pathologic elderly 15. 
Furthermore, the optimum test-retest reliability for our protocol was assumed to be obtained at 20s 
trial durations32, and we wanted a test that is feasible to be implemented in a clinical setting where 
time constraints play an important role.  
 
Cognitive task  
Counting backwards, as a cognitive task, showed significant degradation in postural stability in 
healthy adults and healthy elderly33-35. Therefore counting backwards in steps of 7`s was also used 
as additional task in the present study. The participant was asked to count back as fast and accurate 
as possible in 20 seconds36,37. If the counting backwards in steps of sevens was too difficult, steps of 
threes or ones were used instead. The starting number was selected at random from a range of 80-
99. For those participants who were able to count back to zero within 20 seconds a starting number 
was selected within the range of 121 and 199. The counting was controlled continuously for 
accuracy and every mistake was noted. No feedback on performance was given during the testing. 
Evaluation of performance during the cognitive task included the difficulty (sevens, threes or ones) 
of subtraction units and the number of mistakes made by the participant during calculation.  
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To evaluate the performance of the cognitive task the difficulty (sevens, threes or ones) of  
subtraction and the number of mistakes made by the participant during the calculation were used to 
define 6 performance scores (Cognitive Difficulty Score, CDS). The lowest score is designated 
number 1 and is given when mistakes are made during counting backwards in ones. The highest 
score (6) is given when counting backward in sevens is possible without making mistakes. With 
increasing numerical complexity the CDS is increasing. An overall group score (GS) was calculated 
by taking a mean of all individual scores (Table 1).  
 
Table 1  
Cognitive Difficulty Score, taking in accounting difficulty and mistakes made during dual tasking. 
Difficulty 
Counting Backwards 
Mistakes 
Made 
Cognitive  
Difficulty Score 
1 Yes 1 
1 No 2 
3 Yes 3 
3 No 4 
7 Yes 5 
7 No 6 
 
Visual conditions  
The two tasks were tested under two different visual conditions:  
a) Normal vision; the participants were instructed to view a fixed grey cross; the arms of the cross 
were 1 meter long and aligned horizontal. The vertical arms were 0.5 meter long. The cross was 
located in the middle of a screen (1.5m x 1.5m), which was positioned 2 meters in front of the 
forceplate. The height of the grey cross was fixed at 1.5m. All participants used their own glasses 
when needed, to have optimal individual visual acuity.  
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b) Vision was occluded with a pair of custom-made opaque goggles that prevented the subject from 
perceiving visual information without blocking the light in general. The participants were instructed 
to keep their eyes open inside the goggles.  
  
Reproducibility protocol  
For the test-retest study, all participants were evaluated by the first rater on 2 occasions with an 
inter-measurement interval of 7 days. Both measurements were performed at the same time of the 
day in the same measurement room. Additionally at the second measurement occasion the second 
rater performed a third measurement to evaluate the interrater reliability. The order of the rater was 
changed after each participant (Figure 1).  
 
Figure 1  
Flow diagram of assessments timeline  
 
 
 
Test-retest assessments Intrarater assessments 
Second 
t
First rater 
Measurement 1 Measurement 2 Measurement 3 
First occasion Second occasions
(1 week later) 
First rater 
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Statistical analysis  
Descriptive statistics were used to describe the participant’s characteristics. The one-sample 
Kolmogorov-Smirnov test was used to check the normality of the distributions.  
De Vet and colleagues (2006) recently suggested using both reliability and agreement parameters in 
reliability studies because this allows gaining a better insight on the performance of measuring a 
variable38. Reliability parameters assess whether a measurement device can distinguish between 
groups of patients and between individual patients [3]. Agreement parameters measure the ability to 
achieve the same value in two measurements, and thus give an indication of the size of the 
measurement errors40.  
Reliability parameters  
The intraclass correlation coefficient (ICC) was used as a parameter of reliability. The ICC(2,1) 
model was selected to test the interrater reliability, and the ICC(3,1) model to estimate the test retest 
reliability41,42.  
Agreement parameters  
For both the test-retest and the interrater reliability the smallest detectable differences (SDD) were 
determined by the 95% SEM (1.96 √ 2 √ SEM; SEM = √mean square error)43,44. 
The 95% limits of agreement (LoA) were for both the test-retest and the interrater reliability 
assessed according Bland and Altman. LoA was calculated by: mean of the differences ± 1.96*SD.  
LoA indicates the total error, which is systematic error and random error combined. Discrepancies 
between measurements were also assessed by visual interpretations of the amount of agreement of 
the means of two trials against the difference between the trials (Bland and Altman Plots). The use 
of 95% confidence intervals of the range of differences between the two trials demonstrates how 
close the measurements agree on different occasions. All calculations were considered as significant 
at the 5% confidence level45.  
The data were entered, stored, and analysed in SPSS 12.0.1 statistical software (SPSS, Inc., 
Chicago, IL) 
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Results 
A total of 37 participants were recruited (29 women), the average age was 73 ± 6 years (range 61–
85 years) and a total of 11 fallers were identified. The participant’s characteristics are shown in 
Table 2. 
 
Table 2  
Participants’ characteristics  
SD= Standard Deviation; P= unpaired t-tests; *p<0.05 fallers and non-fallers; ns= not significant, BOS = 
base of support 
 All 
(n=37) 
Non-fallers 
(n=26) 
Fallers 
(n=11) 
P 
Female 
Male 
29 
8 
18 
8 
11 
0 
 
Age; y (SD)  
Range 
73 (6) 
61/85 
71 (6) 
61/85 
76 (4) 
67/83 
ns. 
Weight; kg (SD) 67 (11) 69 (11) 64 (12) ns. 
Height; cm (SD) 165 (7) 166 (8) 161 (5) 0.05 
Hip width (cm) 
BOS width (cm) 
34.2(3) 
27.7(4) 
34.4(2) 
29.4(3) 
33.7(4) 
30.5(4) 
ns. 
ns. 
 
All participants were able to count backward in steps of sevens. A total of 20 participants made 
counting mistakes, whereas 17 made no mistakes. The group score (GS) of first rater measurements 
in both occasions was 5.5. The second rater reported a GS of 5.4 within his measurement (maximal 
GS possible is 6; see Table 3). There was no significant difference in GS between the raters.  
 
Reliability parameters  
Two force platform variables, which had no normal distribution, were log transformed and marked 
(see in Table 4 and Table 5). Our study showed good ICC values of the postural balance 
measurement protocol, e.g. test retest, as well as for interrater reliability. The ICC(2.1) for interrater 
reproducibility and the ICC(3.1) for test-retest reproducibility of the balance variables Max-ML, 
RMS-ML, V and AoE were ranging between r= 0.70-0.89. For the variables ‘Max-AP’ and ‘RMS-
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AP’ the ICCs ranged between r=0.52-0.74. The results of the interrater ICCs are summarised in 
Table 4 and the results of the test-retest are presented in Table 5.  
 
Table 3  
Results of the Group Scores of Cognitive Difficulty Score, taking in accounting difficulty and 
mistakes made during dual tasking. 
 p= unpaired t-tests; *p<0.05 fallers and non-fallers; ns= not significant, 
 All 
(n=37) 
Non-fallers 
(n=26) 
Fallers 
(n=11) 
P 
Group Score (GS) 
Rater 1 first occasion 
Rater 1 second occasion 
Rater 2 second occasion 
 (CQ 
5.5 
5.5 
5.4 
C (CQ 
5.5 
5.5 
5.4 
  
5.4 
5.3 
5.4 
  
ns. 
ns. 
ns. 
 
Agreement parameters  
The SDD values for variables Max-ML and Max-AP were 0.37cm and 0.83cm respectively. 
Variable V lay between 0.48 cm/s and 1.2 cm/s. For variable AoE the SDD values were between 
1.48 cm2 and 3.75 cm2 (see Table 4). To detect change in clinical practice beyond measurement 
error potential changes should be larger than these SDD values.  
The LoA showed very small systematic error between test-retest and interrater agreement. The 
mean of the differences for variable Max-ML and Max-AP were between 0.0cm and 0.08cm. For 
variable V between 0.03cm/s and 0.18cm/s and for variable AoE between 0.06cm2 and 0.512 (see 
Table 6).  
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Table 4  
Interrater Reliability Parameters 
 
Balance- 
Variable 
Vision 
 
Task 
 
 
All 
n=37 
Interrater 
ICC  
95% CI 
Non-Faller 
n=26 
Interrater 
ICC 
95% CI 
Faller 
n=11 
Interrater 
ICC 
95% CI 
Single 0.76 0.60/0.87 
0.80 
0.60/0.90 
0.72 
0.28/0.91 Vision 
Dual 0.75 0.56/0.86 
0.84 
0.68/0.93 
0.30 
-0.38/0.75 
Single 0.73 0.53/0.85 
0.78 
0.57/0.90 
0.55 
0.01/0.85 
Max-ML 
(cm) 
No-Vision 
Dual 0.72 0.52/0.84 
0.72 
0.47/0.82 
0.70 
0.32/0.93 
Single 0.84 0.71/0.92 
0.83 
0.75/0.92 
0.89 
0.68/0.97 Vision 
Dual 0.71 0.51/0.84 
0.75 
0.51/0.88 
0.45 
-0.22/0.82 
Single 0.70 0.48/0.83 
0.72 
0.47/0.87 
0.62 
0.12/0.88 
RMS-ML 
(cm) 
No-Vision 
Dual 0.86 075/0.93 
0.87 
073/0.94 
0.83 
0.47/0.895 
Single 0.52 0.24/0.72 
0.56 
0.24/0.72 
0.47 
-0.07/0.81 Vision 
Dual 0.64 0.40/0.80 
0.61 
0.38/0.80 
0.68 
0.31/0.94 
Single 0.74 0.55/0.86 
0.84 
0.67/0.92 
0.40 
-0.21/0.92 
Max-AP (cm) 
No-Vision 
Dual 0.70 0.48/0.83 
0.72 
0.46/0.86 
0.64 
0.12/0.89 
Single 0.57 0.30/0.75 
0.42 
0.05/0.69 
0.77 
0.37/0.93 Vision 
Dual 0.46 0.16/0.68 
0.40 
0.13/0.68 
0.77 
0.29/0.93 
Single 0.73 0.54/0.85 
0.85 
0.69/0.93 
0.45 
-0.08/0.80 
RMS-AP 
(cm) 
No-Vision 
Dual 0.72 0.51/0.84 
0.75 
0.51/0.88 
0.60 
0.04/0.88 
Single 0.76 0.57/0.87 
0.81 
0.57/0.87 
0.70 
0.20/0.91 Vision 
Dual 0.85 0.72/0.92 
0.80 
0.60/0.90 
0.95 
0.82/0.98 
Single* 0.87 0.77/0.93 
0.89 
0.77/0.95 
0.78 
0.33/0.93 
V (cm/s) 
No-Vision 
Dual 0.84 0.72/0.92 
0.85 
0.70/0.93 
0.83 
0.51/0.95 
Single 0.65 0.42/0.81 
0.65 
0.35/0.83 
0.69 
0.22/0.90 Vision 
Dual* 0.74 0.54/0.85 
0.75 
0.51/0.88 
0.57 
-0.02/0.86 
Single 0.66 0.43/0.81 
0.76 
0.54/0.89 
0.67 
-0.04/0.79 
AoE (cm2) 
No-Vision 
Dual 0.81 0.66/0.90 
0.83 
0.65/0.92 
0.69 
0.17/0.91 
*=log transformed  
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Table 5  
Test-Retest Reliability Parameters 
Balance- 
Variable 
Vision 
 
Task 
 
 
All 
n=37 
Test-Retest 
ICC  
95% CI 
Non-Faller 
n=26 
Test-Retest 
ICC 
95% CI 
Faller 
n=11 
Test-Retest 
ICC 
95% CI 
Single 0.77 0.60/0.88 
0.75 
0.52/0.88 
0.71 
0.46/0.95 Vision 
Dual 0.71 0.51/0.84 
0.80 
0.51/0.91 
0.32 
-0.31/0.76 
Single 0.75 0.56/0.86 
0.83 
0.65/0.92 
0.53 
-0.07/0.85 
Max-ML 
(cm) 
No-Vision 
Dual 0.77 0.59/0.87 
0.81 
0.62/0.91 
0.59 
0.03/0.87 
Single 0.79 0.63/0.89 
0.73 
0.48/0.87 
0.71 
0.55/0.86 Vision 
Dual 0.75 0.57/0.86 
0.80 
0.60/0.90 
0.58 
0.01/0.85 
Single 0.72 0.51/0.84 
0.71 
0.45/0.86 
0.69 
0.33/0.93 
RMS-ML 
(cm) 
No-Vision 
Dual 0.85 0.73/0.92 
0.88 
0.75/0.94 
0.86 
0.15/0.90 
Single 0.55 0.28/0.74 
0.43 
0.06/0.70 
0.55 
-0.04/0.85 Vision 
Dual 0.63 0.39/80 
0.56 
0.22/0.77 
0.57 
0.22/0.77 
Single 0.64 0.41/0.80 
0.83 
0.65/0.92 
0.43 
-0.19/0.81 
Max-AP (cm) 
No-Vision 
Dual 0.61 0.35/0.78 
0.68 
0.40/0.84 
0.40 
-0.22/0.79 
Single 0.51 0.23/0.71 
0.31 
-0.08/0.62 
0.77 
0.36/0.89 Vision 
Dual 0.54 0.27/0.74 
0.55 
0.21/0.77 
0.50 
-0.11/0.83 
Single 0.69 0.47/0.83 
0.86 
0.72/0.94 
0.39 
-0.24/0.80 
RMS-AP 
(cm) 
No-Vision 
Dual 0.58 0.31/0.76 
0.64 
0.35/0.82 
0.38 
-0.25/0.79 
Single 0.89 0.79/0.94 
0.84 
0.68/0.93 
0.81 
0.56/0.97 Vision 
Dual 0.84 0.71/0.91 
0.82 
0.64/0.92 
0.82 
0.34/0.88 
Single* 0.89 0.80/0.94 
0.87 
0.74/0.94 
0.81 
0.71/0.98 
V (cm/s) 
No-Vision 
Dual 0.79 0.63/0.89 
0.78 
0.55/0.89 
0.75 
0.54/0.96 
Single 0.75 0.57/0.86 
0.62 
0.32/0.81 
0.81 
0.63/0.98 Vision 
Dual* 0.79 0.63/0.89 
0.81 
0.62/0.91 
0.49 
-0.11/0.83 
Single 0.70 0.50/0.84 
0.73 
0.49/0.87 
0.60 
0.04/0.87 
AoE (cm2) 
No-Vision 0.76 
0.57/0.87 
0.80 
0.61/0.91 
0.64 
-0.15/0.82 Dual 
*=log transformed  
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Table 6  
Agreement parameters 
 
Vision   
  
  
Task   
  
  
Rater  
1/1st 
Mean 
(SD) 
Rater 
1/2nd 
Mean 
(SD) 
Rater 
2 
Mean 
(SD) 
Test -retest 
 
LoA 
Test-
retest 
SDD 
 
Interrater 
 
LoA 
Inter-
rater 
SDD 
 
Single 0.61 (0.28) 
0.61 
(0.28) 
0.57 
(0.24) 0.00±0.37 0.37 0.04±0.34 0.34 Vision 
Dual 0.95 (0.65) 
0.89 
(0.48) 
0.89 
(0.54) 0.06±0.85 0.85 0.00±0.72 0.72 
Single 0.69 (0.30) 
0.64 
(0.23) 
0.66 
(0.26) 0.05±0.38 0.37 -0.03±0.35 0.35 
Max-
ML 
(cm) 
No-Vision 
Dual 0.92 (0.43) 
0.86 
(0.41) 
0.80 
(0.37) 0.06±0.56 0.56 0.06±0.57 0.57 
Single 0.24 (0.09) 
0.25 
(0.10) 
0.23 
(0.09) -0.01±0.13 0.12 0.02±0.10 0.09 Vision 
Dual 0.39 (0.25) 
0.35 
(0.16) 
0.37 
(0.26) 0.03±0.29 0.29 -0.02±0.31 0.32 
Single 0.29 (0.15) 
0.26 
(0.10) 
0.26 
(0.10) 0.03±0.18 0.18 0.00±0.15 0.15 
RMS-
ML 
(cm) 
No-Vision 
Dual 0.36 (0.17) 
0.34 
(0.17) 
0.34 
(0.21) 0.02±0.18 0.18 0.00±0.20 0.20 
Single 0.85 (0.25) 
0.84 
(0.33) 
0.83 
(0.21) 0.01±0.55 0.55 0.01±0.53 0.53 Vision 
Dual 1.20 (0.52) 
1.15 
(0.44) 
1.12 
(0.39) 0.05±0.81 0.81 0.03±0.70 0.70 
Single 1.11 (0.48) 
1.04 
(0.35) 
1.07 
(0.32) 0.07±0.70 0.70 -0.03±0.48 0.48 
Max-
AP 
(cm) 
No-Vision 
Dual 1.35 (0.59) 
1.27 
(0.39) 
1.18 
(0.35) 0.08±0.87 0.83 0.10±0.55 0.55 
Single 0.36 (0.09) 
0.34 
(0.12) 
0.34 
(0.09) 0.01±0.21 0.21 0.00±0.19 0.20 Vision 
Dual 0.46 (0.18) 
0.45 
(0.15) 
0.45 
(0.16) 0.00±0.31 0.30 0.00±0.32 0.32 
Single 0.44 (0.15) 
0.41 
(0.12) 
0.43 
(0.11) 0.03±0.20 0.20 -0.02±0.16 0.15 
RMS-
AP 
(cm) 
No-Vision 
Dual 0.50 (0.20) 
0.48 
(0.13) 
0.45 
(0.13) 0.02±0.30 0.29 0.03±0.18 0.18 
Single 1.34 (0.57) 
1.31 
(0.47) 
1.24 
(0.35) 0.03±0.48 0.48 0.08±0.55 0.55 Vision 
Dual 1.83 (0.74) 
1.75 
(0.60) 
1.76 
(0.64) 0.08±0.75 0.75 -0.01±0.69 0.68 
Single 1.82 (0.91) 
1.64 
(0.64) 
1.73 
(0.86) 0.18±*0.90 0.98* -0.09±*0.89 0.93* 
V 
(cm/s) 
No-Vision 
Dual 2.22 (1.33) 
2.09 
(0.74) 
2.10 
(0.90) 0.14±1.21 1.21 -0.01±0.92 0.92 
Single 1.64 (0.99) 
1.58 
(1.13) 
1.46 
(0.81) 0.06±1.48 1.48 0.12±1.61 1.61 Vision 
Dual 3.78 (4.43) 
3.27 
(2.54) 
3.34 
(3.50) 0.51±*5.59 2.62* -0.07±*4.25 2.92* 
Single 2.45 (1.87) 
2.09 
(1.26) 
2.21 
(1.33) 0.36±2.40 2.40 -0.12±2.10 2.11 
AoE 
(cm2) 
No-Vision 
Dual 3.66 (3.17) 
3.18 
(2.22) 
3.00 
(2.53) 0.48±3.75 3.75 0.19±2.89 2.89 
*=log transformed 
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Bland-Altman plots indicated that most points lie within the 95% limits of agreement for test-retest 
measurements. Only 2 to 3 outliers were found within the plots. In all tables the outliers show both 
positive and negative differences of the mean, which indicates no systematic effect. Balance 
variables had the smallest 95% limits of agreement when testing in a single task situation with 
vision. The opposite was found in the dual-task situation with and without vision. The Bland-
Altman plots are presented in the additional file [see Appendix 1].  
  
Discussion  
The purpose of this study was to evaluate the reliability of a forceplate postural balance assessment 
protocol under single and dual-task conditions in elderly fallers and non-fallers.  
 
This study showed good reliability parameters for the total group of participants although in the 
non-fallers subgroup the values were higher compared to the fallers (see Table 4). Hence, our 
findings show the relevance of including symptomatic populations in a reliability study as 
previously was suggested by Hoving and colleagues (2005)18. Furthermore, the results of our study 
are in line with previous studies that included symptomatic populations, e.g. patients suffering from 
diabetes, neuropathy or stroke survivors17. From a clinical perspective our procedure makes sense 
because we included symptomatic individuals in our sample. This indicates that the results can be 
generalised to similar populations in clinical settings. It can be expected that a normal population 
will, similar to our sample, consist of both fallers and non-fallers. This would mean that our results 
are generalisable to comparable clinical populations.  
The ICC values were different for each balance variable that was assessed. Between the test 
conditions, vision or no-vision and single or dual task, there were differences in ICC values as well 
(Tables 4 & 5). The results were consistently better in the medial lateral direction compared to the 
moderate ICC values in the anterior posterior direction. From a clinical perspective these results are 
encouraging. Day and colleagues (1993) have demonstrated that deterioration of balance control in 
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the elderly primarily occurs in the ML direction during quiet stance46. When responding to a plate 
perturbation older adults also frequently step to especially preserve lateral stability47. These findings 
might be an indication that the main focus in assessment should be put on the mediolateral force 
platform variables. In these cases there are no large differences in reliabilities of the test protocol 
between vision and no-vision and between single and dual-task testing conditions. Our protocol 
reveals no large differences in reliability between these test conditions. The most optimal variables 
that should be assessed when groups of subjects are compared seem to be Max-ML, RMS-ML, and 
V since these all show highest ICC values. On an individual subject assessment level the agreement 
parameters of the Max-ML, RMS-ML, and V variables seem to be promising too. However, future 
intervention type studies for individuals should substantiate this assumption.  
 
These results are not in accordance with the results of Corriveau and colleagues (2001), who found 
better ICC values in the anterior posterior direction than in the medial lateral direction17. A possible 
explanation for these differences could be found in the different assessment protocols used. Our 
participants were expected to take a comfortable stance position and were expected to repeatedly 
use this individualised position. This meant that foot position was standardized for each subject, but 
not across subjects. This was in contrast to Corriveau and colleagues who asked their participants to 
take a pre-determined stance position of pelvis width.  
It is well documented that with increasing stance width a disproportionate reduction in the angular 
motion about the ankles and feet; e.g. the ankle joint mobility in the frontal plane is reduced with 
feet apart48; can be observed that causes a large reduction in lateral body motion46. It is for this 
reason that we standardised foot positions as previously recommended49.  
The limits of agreement showed no systematic error (bias) between the two measurements of rater 1 
(test-retest) or between the measurements of rater 1 and rater 2 (interrater). Our protocol, therefore, 
seems to be well suited for clinical applications where several clinicians are often responsible for 
the same kinds of measurement. The resulting SDD values were rather large. At this moment it is 
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difficult to say whether the obtained SDD values are too large to detect clinically meaningful 
differences on an individual level and would, therefore, be clinically not relevant. SDD values 
provide information about the size of the error related to a measured value and in the amount of 
measurement error that should be taken into account when comparing two consecutive 
measurements. Therefore these SDD values imply to have a rather less satisfactory reliability for 
assessing individual changes in comparison to group changes. This assumption should be 
substantiated in further research. It might very well be that the changes caused by interventions are 
larger, especially in clinical populations, than the SDD found in our study.  
With our protocol that has shown to have good reliability in both fallers and non-fallers the next 
step in research would be to test the validity of this protocol. For that purpose we should perform a 
prospective study in a group of older individuals that is threatened to fall. It can be argued that in 
such a measurement design our protocol may have predictive value for subsequent falls.   
  
Conclusion  
In conclusion, our measurement protocol showed good reliability for group assessment with no 
systematic errors in measuring postural balance in single-task and in dual-task conditions in a group 
of elderly fallers and non-fallers. These results may form a basis for further research examining, for 
example, the effects of physical exercise in elderly suffering from balance impairments. The value 
of the test protocol for individualised assessment remains unclear and should be subject to further 
research.  
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Appendix 1 
 
Figure 1.  
Bland and Altman plots of the maximal displacement in medial-lateral direction (ML) in single and 
dual-task conditions, with and without vision. 
 
a) Single task with vision b) Dual task with vision 
  
c) Single task no vision d) Dual task no vision 
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Figure 2.  
Bland and Altman plots of the root mean square of the maximal displacement in medial-lateral 
direction (SDML) in single and dual-task conditions, with and without vision. 
 
a) Single task with vision b) Dual task with vision 
c) Single task no vision d) Dual task no vision 
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Figure 3.  
Bland and Altman plots of the maximal displacement in anterior-posterior direction (AP) in single 
and dual-task conditions, with and without vision. 
 
a) Single task with vision b) Dual task with vision 
c) Single task no vision d) Dual task no vision 
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Figure 4.  
Bland and Altman plots of the root mean square of the maximal displacement in anterior-posterior 
direction (SDAP) in single and dual-task conditions, with and without vision. 
 
a) Single task with vision b) Dual task with vision 
c) Single task no vision d) Dual task no vision 
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Figure 5.  
Bland and Altman plots of the average speed of displacement (V) in single and dual-task conditions, 
with and without vision. 
 
a) Single task with vision b) Dual task with vision 
c) Single task no vision d) Dual task no vision 
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Figure 6.  
Bland and Altman plots of the area of the 95th percentile ellipse (AoE) in single and dual-task 
conditions, with and without vision. 
 
a) Single task with vision b) Dual task with vision 
c) Single task no vision d) Dual task no vision 
 
 
 
 38 
  39
 
Chapter 5 
 
Fall Prediction in the Elderly; A 1 year prospective 
study 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Jaap Swanenburg 
Eling D. de Bruin 
Daniel Uebelhart 
Theo Mulder 
 
 
In Press Gait and Posture 2010 
 40 
Abstract 
 
The aim of the present study was to determine whether force platform variables in single and dual 
task situations are able to predict the risk of multiple falls in a community-dwelling elderly 
population. Two hundred seventy elderly persons (225 female, 45 male; age, 73 ± 7 years) 
performed balance assessment with and without vision. Seven force platform variables were 
assessed to predict the risk of multiple falls; maximum displacement in the anteroposterior and 
medial–lateral directions (Max-AP, Max-ML), mean displacement in the medial–lateral direction 
(MML), the root mean square amplitude in anteroposterior and medial–lateral directions (RMS-AP, 
RMS-ML), the average speed of displacement (V), and the area of the 95th percentile ellipse (AoE).  
Falls were prospectively recorded during the following year. A total of 437 registered falls occurred 
during monitoring period. The force platform variable RMS-ML in the single-task condition (odds 
ratio, 21.8) predicts multiple falls together with the following covariables: history of multiple falls 
(odds ratio, 5.6), use of medications (fall risk medications or multiple medicine use; odds ratio, 2.3), 
and gender (odds ratio, 0.34). Multiple fallers assumed a different stance width than non-fallers.  
The force platform variable RMS-ML predicts fall risk in women with a history of multiple falls 
who take fall-risk medications or use multiple medicines. Multiple fallers position themselves with 
a narrower stance than non-fallers during measurement. 
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Abstract 
 
Background: The aim was to determine postural balance change caused by no-vision and/or 
compromised somatosensory information in single and dual tasking, and to determine the (change 
in) dual-task costs caused by the reduction of combined sensory input. Methods: Fifteen 
independently living elderly persons (age, 77.5 ± 7 years) were analyzed by means of a force plate. 
variables assessed were maximum displacement and standard deviation amplitude in the medial–
lateral and anterior–posterior direction, average speed of displacement, and the area of the 95th 
percentile ellipse per given time. The dual-task costs were calculated for posture and cognitive 
performance. Results: Fractional analysis of variance showed a significant effect between the 
single- and dual-task situations in medial–lateral (F[1/104] = 18.158, p < 0.001), standard deviation 
medial–lateral (F[1/104] = 19.855, p < 0.001), anterior–posterior (F[1/104] = 15.984, p < 0.001), 
standard deviation anterior–posterior (F[1/104] = 14.415, p < 0.001), average speed of displacement 
(F[1/104] = 10.316, p < 0.001), and area of the 95th percentile ellipse (F[1/104] = 15.939, p < 
0.001). One-way analysis of variance showed significant differences in change scores between 
single and dual tasking  and dual-task costs between the reference situation and the combined “no-
vision–reduced somatosensory” situation. There were no differences between multiple fallers/ non-
fallers or different situations in cognitive performance. Conclusion: The findings refute both the 
theoretical framework of resource-sharing and the adaptive resource-sharing theory, therefore 
seeming to provide support for the theory of an increased processing area. Future study should 
focus on assessing the processing area during a combined reduction of sensory input situation to test 
this assumption.  
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Chapter 7 
 
Epilogue, Novel aspects of force platform postural 
balance measures in the elderly 
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The first objective of this thesis was to examine a physical intervention program that aimed to 
determine the risk of falling in a population of elderly persons with osteoporosis. The results of this 
intervention program (Chapter 2) led, among others, to a reconsideration of the measurement 
protocol for postural balance assessment. Less falls and a reduced risk of falling within the 
intervention group were observed based on fall screening interviews. However, no changes in 
postural balance variables were identified by the force platform. Based on this seemingly 
contradictory result, the following questions were raised: (1) was the measurement protocol for 
postural balance assessment challenging and specific enough to detect balance deficits? (2) Are 
postural balance tests with a force platform sensitive enough? (3) Are these force platform test 
protocols able to predict any falls? 
These questions led to a new postural balance measurement protocol. Of particular interest was the 
question whether the new postural balance measurement protocol would be able to detect 
differences between fallers and nonfallers. Furthermore, the reliability of the measurement itself and 
the ability to predict falls were topics for further methodological consideration. An important part of 
the new protocol was the use of dual-task test paradigms. This aspect was added with the intention 
to mimic a more realistic “real-life” measurement environment in a clinical setting.  
 
Which force platform variable should we pick?  
A general testing of all possible fall–relevant force platform variables was needed to gain a better 
overview. Almost all tested balance variables showed a significant difference between fallers and 
nonfallers. An important novel aspect that is discussed in this thesis is the reliability testing of 
postural balance measures in elderly fallers and nonfallers. Additionally for gaining a better insight 
on the performance of measuring a force platform variable, both reliability and agreement 
parameters were calculated. The good results in reliability, agreement parameters and the observed 
differences between fallers and nonfallers showed the relevance of including symptomatic 
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populations in a fall study as previous suggested1 and indicated the potential value of force platform 
assessments in older populations with postural balance impairments (Chapter 4).  
 
Dual tasking 
Additional tasks that are assumed to disturb standing postural control can be divided into motor and 
cognitive tasks. The findings in Chapter 3 suggest that the combined articulation and attention-
demanding secondary task (counting backward aloud) stressed the attentional system of the elderly 
to such an extent that it compromised the performance of the primary task (quiet standing). 
Therefore, the counting backward aloud task may be used as a dual task for clinical balance 
assessment in at-risk populations.  
Using the combined articulation and attention-demanding task as a secondary task required a 
confirmation of the reliability of the new measurement protocol. The findings in Chapter 4 showed 
that the new measurement protocol could be reproduced in a clinical setting. For the first time, the 
force platform measurement protocol was tested under this aspect in both single- and dual-task 
situations. The agreement parameters of the force platform measures were even better under dual 
tasking than under a single-task situation. Additionally, there were no systematic measuring errors 
in both single-task and dual-task conditions in a group of elderly fallers and nonfallers. The new 
measurement protocol is, therefore, a reliable measurement procedure, for example, to assess the 
effects of physical exercise in elderly persons with balance impairments. 
 
Nevertheless the dual tasking did not offer any extra value to the prediction of future falls in elderly 
fallers and non-fallers. A further important aspect of this thesis, namely, was the determination of 
the predictive value for future falls of the force platform measures. In a review these variables were 
discussed as being unclear2. Chapter 5 describes a prospective study in which older individuals 
were followed for 1 year following balance assessment. Only the root-mean-square amplitude in the 
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medial–lateral direction showed a predictive value in a female population with a history of falling 
and taking multiple medications.  
In summary, all variables tested with our measurement protocol were able to detect differences 
between fallers and nonfallers, but only root-mean-square amplitude in a medial–lateral direction 
showed a predictive value in the aforementioned population. Only one force platform variable under 
a single tasking test situation has predictive value in a specific group of elderly (Chapter 5).  
 
Chapter 6 describes another novel aspect that emerged when testing the influence of dual tasking on 
postural balance in a combined non-vision situation and a reduced somatosensory situation (Chapter 
6). The combined reduction of sensory input (vision and compromised somatosensory) resulted in a 
decrease of dual-task costs for posture with at the same time no change in dual-task costs for 
cognition. This result refutes the often used theoretical framework of resource-sharing3 and the 
adaptive resource-sharing theory4. The findings, therefore, seem to provide support for the theory of 
an increased processing area in the brain5. This theory believes that the brain regions active for 
dual-task conditions highly overlap with regions found to be active for each of the single tasks and 
that the brain areas simply increase in magnitude with greater processing demands (Erickson et al. 
2005). The combined reduction of sensory input could have led the participants to greater 
processing area and therefore let them to generate more cognitive capacity. This increased cognitive 
capacity could hence be used to compensate for the sensory input reduction and for the cognitive 
task as well, which would explain the reduced dual-task costs for posture and absolute difference of 
sway in dual- and single-tasking situations.  
 
Other new aspects of postural balance measures 
An intriguing observation was made regarding the comfortable standing position that the 
participants took on the force platform when their balance was assessed. Multiple fallers and 
nonmultiple fallers exhibited a different comfortable standing position. The preferred stance width 
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and the ratio (base of support width/hip width) showed a significant difference between multiple 
fallers and nonmultiple fallers in the group between 60 and 75 years old. Multiple fallers took a 
narrower stance width position compared with nonmultiple fallers. A narrower stance width in 
multiple fallers could be a significant sign because it may indicate a decrease in stability.  
 
Recommendations for future research: focusing on clinical decision-making 
The results of this thesis indicate that future research should be conducted with force platform 
measures to determine the effectiveness of intervention programs, and should be focused on fall 
prevention in a female population with a history of falling who take fall-risk medications or use 
multiple medications. Further research should also be conducted to investigate the dual-task costs in 
fallers and nonfallers. Larger test populations and maybe different clinical populations should be 
analyzed in different sensory-reduced situations. Other recommendations for further research 
include continuing to explore the different standing strategies between multiple fallers and 
nonmultiple fallers. 
 
To obtain the diagnostic information of the force platform alone, the outcomes of all other 
diagnostic tests in use must be known as well, which necessitates the concurrent assessment of 
clinical diagnostic assessments, clinical balance tests besides measurements with a force platform. 
Therefore, in future research, larger samples of measurements in fall subpopulations with various 
diagnostic methods are needed. 
 
The force platform method as presented in this thesis does not yet appear successful for interpreting 
the measurement results of a test explicitly related to the risk of falls. Based on the presented data 
from a force platform test protocol of an older adult group containing both fallers and nonfallers in 
relation to a categorization of test values (Chapter 5), no conditional relationship between the force 
platform measurements and group categorization has been found. We did focus on several specific 
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parameters, namely the maximum displacement in the anteroposterior and medial–lateral direction, 
mean displacement in the medial–lateral direction, the root-mean-square amplitude in 
anteroposterior and medial–lateral directions, the average speed of displacement, and the area of the 
95th percentile ellipse. Measurements of these parameters are only one factor to determine postural 
control.  
In a next assessment phase, the validity of force platform assessments in clinical populations should 
be studied. Furthermore, questions of therapeutic efficacy (Did intervention or patient (faller) 
management change?), patient outcome efficacy (Did quality of life improve?), and, if possible, 
social efficacy (Are costs acceptable for society?) should be answered6.  
Guyatt et al. (1986) presented a framework for the clinical evaluation of diagnostic technology 
assessment in the future. Depending on the point of view, there are a number of criteria that has to 
be fulfilled before we can conclude that a diagnostic technology is ready for dissemination. These 
criteria can be considered to form a hierarchy of progressively more rigorous evaluation as follows: 
 Technologic capability: The technology provides the instruments with the capability to perform 
measurements; 
 Range of possible uses: The technology promises to provide important diagnostic information in a 
number of clinical situations; 
 Diagnostic accuracy: The technology provides information that allows healthcare workers to 
make a more accurate assessment regarding the presence and severity of disease; 
 Impact on healthcare providers: The technology allows healthcare workers to be more confident 
of their diagnoses and thereby decreases their anxiety and increases their comfort; 
 Therapeutic impact: The therapeutic decisions made by healthcare providers are altered as a result 
of application of the technology; and 
 Patient outcome: Application of the technology results in benefit to the patient7. 
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Conclusion 
Falls are a serious problem among aged adults. The population of older adults continues to grow, 
the consequences of falling has and will have a growing impact on society. In terms of efficient fall 
prevention it is essential to identify the people at risk for falls before the first incident. This thesis 
examined one of the factors which are assumed to be causally related to falling: postural balance. 
Force platform data from various environmental conditions and additional task situations indicate 
that the force platform method provides reliable data on the quality of upright posture control. Force 
platform–based measures differentiate postural control between fallers and non-fallers. Force 
platform measures have previously been considered to best predict risk for recurrent falls; we can 
confirm this hypothesis, but only in a female population with a history of falling and using multiple 
medications. Future research should continue to address the causes of falls with the goal reduce the 
falls and its consequences. 
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Summary 
 
At first in this thesis, an intervention programme was tested for the effect on the risk of falling in a 
population of elderly. The aim of the study was to investigate if exercise, combined with protein 
intake and calcium/vitamin D supplementation would have a larger effect on the risk of falling and 
postural balance outcomes than calcium/vitamin D supplementation only. An observational 
performance test (risk of falling) and performance measurements (force platform) were used as 
outcome measures. 
The results of this study were a reduced risk of falling and less falls within the intervention group 
but no change of variables of the force platform. Based on this contrary result, the following 
questions were raised:  
a) Was the test postural balance measurement protocol not challenging enough to detect any 
balance deficits?  
b) Are force platform test sensitive enough to detect any change - in a normal and in a 
challenging situation? 
c) Are these force platform test protocols able to predict any fall - in a normal and in a 
challenging situation? 
d) What is the relation of postural stability and challenging measurement environment? 
 
The postural balance measurement environment in Chapter 2 could have been too simple for most 
elderly to detect any differences between fallers and non-fallers. Would an additional task change 
the measurement environment in such a way to detect any differences? Which dual task would be 
the most appropriate? The additional task should have the most disturbing influence on fall-related 
force platform variables. Therefore, it should be possible to carry out the additional test (dual task) 
in a non-vision situation. Attention-demanding secondary tasks have shown deleterious effects on 
postural control in older adults1. One of these additional tasks is the counting backwards task. This 
task would meet with the requirements of disturbing balance and being executed in a non-vision 
 54 
situation2-4. Until now, the influence of this task on postural stability has only been tested on healthy 
young volunteers5. They concluded that disturbances of counting backwards in postural control 
were caused by the vocal articulation of counting and not by the competing demands for attention5. 
In Chapter 3, an analysis of the results of Yardley and colleagues (1999) has been undertaken. Are 
the disturbances in postural control under dual-task conditions in elderly caused mainly by the 
additional motor effect of articulation (speaking aloud), or by the effect of an additional cognitive 
component of a task, or by a combination of the two? Furthermore, it was investigated whether 
differences exist between fallers and non-fallers in terms of disturbance of postural control under 
the different additional tasks. The findings suggest that the combined articulation and attention-
demanding secondary task stressed the attentional system of elderly to such an extent that it 
compromised the performance of the primary task (quite standing). The counting backwards aloud 
task may be used as a dual task for clinical balance assessment in populations at risk of falling. This 
task was best able to disturb postural control. 
 
The second question dealt with in Chapter 2 described question whether force platform tests are 
sensitive enough to detect any change. Although the reliability of fore plate’s measurement was 
determined in different studies, the dual tasking aspect was not taken into account. In addition, most 
of the reliability studies tested healthy people6-8. Until now, no reliability studies that included 
fallers have been reported. However, since one-third of community-dwelling people over 65 years 
of age experience one or more falls each year, it is important to include elderly fallers in reliability 
studies9-13. In Chapter 4 a study is described with how the interrater and test-retest reliability of 
force platform variables were tested. The variables tested were those which seemed to be the most 
appropriate to detect possible fallers and non-fallers. These variables were tested under single and 
dual-task conditions, with and without vision. This study showed good reliability results for group 
assessment and no systematic errors of the measurement protocol in measuring postural balance in 
the elderly in a single-task and dual-task condition. 
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The selection of posturography-derived parameters that discriminate between elderly fallers and 
nonfallers is shown to be inconclusive14. Next to the discrimination between elderly faller, an 
important goal of postural balance measures is the prediction of future falls with help of a 
forceplate. Piirtola and Era (2006) argued that the reason for not being able to predict future falls is 
related to the lack of studies in which a prospective design is used and that records falls as the 
primary outcome15. Therefore, more prospective fall assessment studies are needed that use 
posturography. A systematic evaluation of a balance with “complex conditions “protocol is needed 
to determine which posturography-derived balance variable is most associated with future falls. In 
their review, Zijlstra and colleagues (2008) showed that 2 studies provide some evidence that 
measurements with a dual task protocol could add some value for the prediction of falls. They 
recommended future studies with large sample size should investigate whether an overall 
performance score that combines the scores of the cognitive and balance task is more sensitive for 
predicting falls or detecting changes in balance performance than the individual balance or 
cognitive task score during dual-task performance16. In Chapter 5, a prospective study with 270 
participants is described. The aim of this study was to determine whether postural balance variables 
measured with a forceplate with or without challenging conditions were able to prospectively 
predict fallers and non-fallers in a community-dwelling elderly population over a 12-month period. 
The challenging conditions applied were reduced vision and/or dual cognitive tasks. The findings 
show that the force platform variable RMS-ML (root-mean-square amplitude in medial-lateral 
directions) predicts future fall risk in women with a history of multiple falls who take fall-risk 
medications or use multiple medicines. Multiple fallers were also shown to position themselves 
with a narrower stance during balance testing.  
The aim in Chapter 6 was to firstly determine postural balance changes caused by no-vision, 
compromised somatosensory information and a combination of no-vision and reduced 
somatosensory information in both single and dual tasking. Secondly, the aim was to determine the 
dual task costs (DTC) and the DTC change caused by the different test conditions. The combined 
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reduction of sensory input (vision and compromised somatosensory) resulted in a decrease of dual-
task costs for posture with at the same time no change in dual-task costs for cognition. This result 
refutes the often used theoretical framework of resource-sharing1 and the adaptive resource-sharing 
theory17. The findings, therefore, seem to provide support for the theory of an increased processing 
area18. The theory believes that the brain regions active for dual-task conditions highly overlap with 
regions found to be active for each of the single tasks and that the brain areas simply increase in 
magnitude with greater processing demands18 . The combined reduction of sensory input could have 
led the participants to greater processing area and therefore let them to generate more cognitive 
capacity. This increased cognitive capacity could hence be used to compensate for the sensory input 
reduction and for the cognitive task as well, which would explain the reduced dual-task costs for 
posture and absolute difference of sway in dual- and single-tasking situations.  
 
In conclusion, this thesis showed new aspects of force platform measurements of elderly fallers and 
non-fallers. Future research could be conducted with force platform measurements to determine the 
effectiveness of intervention programmes, focused on fall prevention. 
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Samenvatting 
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Samenvatting 
Allereerst werd in deze scriptie een interventieprogramma getest over het effect op het risico voor 
vallen bij een populatie van ouderen. Het doel van het onderzoek was te onderzoeken of 
lichaamsbeweging gecombineerd met het innemen van proteïne en calcium/vitamine D-
supplementen een hoger effect zou hebben op het risico van vallen en op houdingsbalans dan het 
alleen innemen van calcium/vitamine D-supplementen. Als resultaatmetingen werden een 
observationele prestatietest (risico op vallen) en prestatiemetingen (krachtenplatform) gebruikt . 
Uit de resultaten van dit onderzoek bleken er een verminderd risico op vallen en minder valpartijen 
in de interventiegroep te zijn, maar er trad geen verandering van de variabelen in houdingsbalans 
van het krachtenplatform op. Op basis van dit tegengestelde resultaat werden de volgende vragen 
opgesteld:  
e) Was het meetprotocol voor het testen van de houdingsbalans niet uitdagend genoeg om elk 
gebrek aan balans te meten?  
f) Zijn testen met het krachtenplatform gevoelig genoeg om elke verandering op te sporen - in 
een normale en in een uitdagende situatie? 
g) Zijn deze testprotocollen met het krachtenplatform in staat elke val te voorspellen - in een 
normale en in een uitdagende situatie? 
h) Wat is de relatie tussen houdingsstabiliteit en een uitdagende meetomgeving? 
 
De meetomgeving voor houdingsbalans in Hoofdstuk 2 zou voor de meeste ouderen wel eens te 
eenvoudig geweest kunnen zijn om eventuele verschillen tussen vallers en niet-vallers op te sporen. 
Zou een aanvullende taak de meetomgeving zodanig veranderen dat eventuele verschillen 
opgespoord kunnen worden? Welke dubbele taak zou het meest geschikt zijn? De aanvullende taak 
zou de meest verstorende invloed moeten hebben op aan vallen gerelateerde 
houdingsbalansvariabelen. Het moet om die reden mogelijk zijn de aanvullende test (dubbele taak) 
in een situatie uit te voeren waarbij geen visus nodig is. Het is aangetoond dat secundaire taken 
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waarbij de aandacht nodig is, verstorende effecten hebben op de houdingscontrole bij oudere 
volwassenen1. Een van deze aanvullende taken is achteruit tellen. Deze taak zou voldoen aan de 
bepalingen van een verstoring van de balans en kan uitgevoerd worden in een situatie waarin geen 
visus nodig is2-4. Tot nu toe is de invloed van deze taak op de houdingsstabiliteit alleen onderzocht 
bij gezonde jonge vrijwilligers5. De onderzoekers kwamen tot de conclusie dat verstoring van de 
houdingscontrole door achteruit tellen veroorzaakt werd door het vocaal articuleren van het tellen 
en niet door de concurrerende vragen om aandacht5. In Hoofdstuk 3 is een analyse van de resultaten 
van Yardley en collega's (1999) uitgevoerd. Worden de verstoringen van de houdingscontrole 
tijdens situaties met een dubbele taak bij ouderen voornamelijk veroorzaakt door het aanvullende 
motoreffect van articulatie (hardop praten) of door het effect van een aanvullende cognitieve 
component van een taak of door een combinatie van die twee? Bovendien werd onderzocht of er 
verschillen zijn tussen vallers en niet-vallers in termen van verstoring van de houdingscontrole 
tijdens de verschillende aanvullende taken. De bevindingen suggereren dat het gecombineerde 
hardop praten en de aandachtvragende secundaire taak het aandachtssysteem van oudere mensen 
dermate onder druk zet dat het de prestatie bij de primaire taak (rechtop staan) in gevaar bracht. De 
taak van hardop achteruit tellen zou gebruikt kunnen worden als een dubbele taak voor het klinisch 
bepalen van de balans bij populaties die een risico op vallen hebben. Deze taak was het beste in 
staat om de houdingscontrole te verstoren. 
 
De tweede vraag die in Hoofdstuk 2 behandeld werd, beschreef de vraag of krachtenplatform tests 
voor houdingsbalans gevoelig genoeg waren om alle veranderingen op te sporen. Hoewel de 
betrouwbaarheid van meting door middel van het krachtenplatform in diverse studies vastgesteld 
werd, werd daarbij geen rekening gehouden met het aspect van dubbele taken. Bovendien werden er 
bij het merendeel van de betrouwbaarheidsstudies gezonde proefpersonen onderzocht6-8. Tot nu toe 
waren er geen betrouwbaarheidsstudies waarin vallers waren opgenomen. Maar omdat een derde 
van de zelfstandig wonende mensen boven de 65 jaar elk jaar een of meer keer valt, is het 
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belangrijk om in betrouwbaarheidsstudies ook oudere vallers op te nemen9-13. In Hoofdstuk 4 is een 
studie beschreven over hoe de interrater- en test-hertestbetrouwbaarheid van de variabelen van 
krachtenplatform onderzocht werden. De geteste variabelen waren de variablen die het meest van 
toepassing leken om mogelijke vallers en niet-vallers op te sporen. Deze variabelen werden 
onderzocht onder omstandigheden met een enkele taak en met een dubbele taak, waarvoor wel en 
geen visus nodig was. Dit onderzoek toonde goede betrouwbaarheidsresultaten aan voor 
groepsbepaling en liet geen systematische fouten in het meetprotocol zien voor het meten van 
houdingsbalans bij ouderen in omstandigheden met een enkele taak en met een dubbele taak. 
 
Er wordt aangetoond dat de selectie van uit posturografie afgeleide parameters, die onderscheid 
maken tussen oudere vallers en niet-vallers, niet overtuigend zijn14. Naast het onderscheid tussen 
oudere vallers is een belangrijke doelstelling van het meten van houdingsbalans het voorspellen van 
vallen in de toekomst met behulp van een krachtenplatform. Piirtola en Era (2006) stelden dat de 
reden voor het niet in staat zijn om vallen in de toekomst te voorspellen, gerelateerd is aan het 
gebrek aan onderzoeken waarin een prospectief ontwerp gebruikt wordt en waarin valpartijen als 
het primaire resultaat genoteerd worden15. Er zijn daarom meer prospectieve onderzoeken naar 
vallen nodig waarin posturografie gebruikt wordt. Een systematische evaluatie van een balans met 
een protocol voor 'complexe omstandigheden' is noodzakelijk om te bepalen welke uit posturografie 
afgeleide balansvariabele het meest gepaard gaat met vallen in de toekomst. In hun review toonden 
Zijlstra en collega's (2008) aan dat 2 onderzoeken enig bewijs leveren dat metingen met een 
protocol met een dubbele taak enige waarde voor het voorspellen van vallen kunnen toevoegen. Zij 
bevelen toekomstige onderzoeken aan met een grote steekproefgrootte die moeten onderzoeken of 
een totale prestatiescore die de scores van  de cognitieve en balanstaak combineert, gevoeliger is 
voor het voorspellen van vallen of het opsporen van veranderingen in de balansprestatie dan de 
score voor individuele balans of cognitieve taak tijdens prestaties met een dubbele taak16. In 
Hoofdstuk 5 wordt een prospectief onderzoek met 270 deelnemers beschreven. Het doel van dit 
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onderzoek was te bepalen of houdingsbalansvariabelen die gemeten werden met een 
krachtenplatform met of zonder uitdagende voorwaarden, in staat waren om prospectief vallers en 
niet-vallers te beschrijven bij een zelfstandig wonende oudere populatie gedurende een periode van 
12 maanden. De uitdagende omstandigheden die hier gebruikt werden, waren een verminderde 
visus en/of dubbele cognitieve taken. De bevindingen toonden aan dat de krachtenplatformvariabele 
RMS-ML (Root-Mean-Square-amplitude, ofwel de amplitude van de wortel uit het gemiddelde 
kwadraat, in mediaal-laterale richtingen) het valrisico in de toekomst voorspelt bij vrouwen die 
meerdere valpartijen in de anamnese hebben en die medicatie gebruiken waardoor een risico op 
vallen ontstaat of die meerdere geneesmiddelen gebruiken. Er werd ook gezien dat meerdere vallers 
tijdens de balanstesten een smaller steunvlak aannamen.  
Het doel in Hoofdstuk 6 was om eerst te bepalen wat de veranderingen in houdingsbalans waren die 
veroorzaakt werden door niet kunnen zien, verstoorde somatosensorische informatie en een 
combinatie van niet kunnen zien en verminderde somatosensorische informatie tijdens 
omstandigheden met een enkele taak en een dubbele taak. Ten tweede was het doel het bepalen van  
de 'dual task costs' (DTC, ofwel hoe goed iemand twee taken tegelijk kan uitvoeren) en de 
verandering van DTC die veroorzaakt wordt door de verschillende testomstandigheden. De 
gecombineerde vermindering van sensorische input (visus en somatosensorische verstoring) 
resulteerde in een afname van 'dual task costs' voor houding waarbij tegelijkertijd geen verandering 
optrad in de 'dual task costs' voor cognitie. Dit resultaat weerlegt het vaak gebruikte theoretische 
raamwerk van brondeling1 en de theorie van adaptieve brondeling17. De bevindingen lijken daarom 
ondersteuning te bieden voor de theorie van een vergroot verwerkingsgebied18. De theorie neemt 
aan dat de hersengebieden die actief zijn bij omstandigheden met dubbele taak, veel overlap 
vertonen met gebieden die actief zijn voor elk van de afzonderlijke taken en dat de hersengebieden 
gewoon groter van omvang worden als er meer verwerkingsbehoeften zijn18. De gecombineerde 
vermindering van sensorische input zou ertoe geleid kunnen hebben dat de participanten een groter 
verwerkingsgebied inzetten en om die reden meer cognitieve capaciteit ter beschikking kregen. 
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Deze grotere cognitieve capaciteit zou dus gebruikt kunnen worden ter compensatie van de 
vermindering van de sensorische input evenals voor de cognitieve taak, wat de verlaging van de 
'dual task costs' voor houding en absoluut verschil in slingeren bij omstandigheden met een dubbele 
of enkele taak, kunnen verklaren.  
 
Samengevat toonde deze scriptie nieuwe aspecten van de krachtenplatform meetmethode voor de 
houdingsbalans bij oudere vallers en niet-vallers. De krachtenplatform meetmethode kan in 
toekomstig onderzoek worden gebruikt, om de effectiviteit van interventieprogramma's te bepalen 
die gericht zijn op valpreventie. 
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